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Abstract
Objective: To investigate how intakes of whole grains and cereal fibre were
associated to risk factors for CVD in UK adults.
Design: Cross-sectional analyses examined associations between whole grain
and cereal fibre intakes and adiposity measurements, serum lipid concentrations,
C-reactive protein, systolic blood pressure, fasting glucose, HbA1c, homocysteine
and a combined CVD relative risk score.
Setting: The National Diet and Nutrition Survey (NDNS) Rolling Programme
2008–2014.
Participants: A nationally representative sample of 2689 adults.
Results: Participants in the highest quartile (Q4) of whole grain intake had lower
waist–hip ratio (Q1 0·872; Q4 0·857; P= 0·04), HbA1c (Q1 5·66 %; Q4 5·47 %;
P= 0·01) and homocysteine (Q1 9·95 μmol/l; Q4 8·76 μmol/l; P = 0·01) compared
with participants in the lowest quartile (Q1), after adjusting for dietary and lifestyle
factors, including cereal fibre intake. Whole grain intake was inversely associated
with C-reactive protein using multivariate analysis (P = 0·02), but this was not sig-
nificant after final adjustment for cereal fibre. Cereal fibre intake was also inversely
associated with waist–hip ratio (P= 0·03) and homocysteine (P= 0·002) in multi-
variate analysis.
Conclusions: Similar inverse associations between whole grain and cereal fibre
intakes to CVD risk factors suggest the relevance of cereal fibre in the protective
effects of whole grains. However, whole grain associations often remained
significant after adjusting for cereal fibre intake, suggesting additional constituents
may be relevant. Intervention studies are needed to compare cereal fibre intake







Higher intakes of whole grains are associated with lower
risk of CVD in several large prospective cohort studies(1–3),
and whole grain intake is now widely encouraged within
national dietary guidelines, including the UK Eatwell
Guide(4). The association may manifest through several
pathways, as whole grain intake has been linked to the
management of various CVD mediators, including glycae-
mic control(5), plasma lipids(6) and inflammation(7).
The specific components of whole grains that may be
responsible are unclear. Whole grains are a rich source
of dietary fibre, and cereal fibre specifically has been found
to be particularly protective against CVD(8–10). In addition,
whole grains contain constituents such as vitamin E, mag-
nesium, folate and polyphenols, all of which may contrib-
ute to their benefits(11). In fact, it is thought that their
cardiovascular benefit may be a result of interactions that
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occur when these nutrients are consumed together within
the whole grain, and the consumption of these nutrients
individually (e.g., cereal fibre added to non-whole grain
products) may not yield the same benefits(12).
Previous studies attempting to explore this question are
limited by considerable inconsistency in the methods used
to define whole grains and estimate intakes(13,14). Many
studies defined whole grain to include added bran and
germ(13,14) and classified whole foods as either entirely
whole grain or refined grain(13), rather than determining
the whole grain content of foods on a grams-per-100 g
basis. Thesemethods have the potential to misestimate true
whole grain intake, which confounds results and makes it
difficult to accurately determine if findings can be attributed
specifically to whole grains. We recently reviewed existing
observational studies exploringwhole grains, bran and cer-
eal fibre and the risk of CVD and CVD-related outcomes(15).
We found that when studies defined whole grains as
including the germ, endosperm and bran in their natural
proportions, results were stronger and less likely to be
attenuated after adjusting for individual whole grain
components such as cereal fibre intake, potentially due
to poorer-quality non-whole grain foods weakening any
associations.
The aim of the current studywas to examine and directly
compare associations between intakes of whole grain and
cereal fibre and CVD risk factors among adult participants
of the UK National Diet and Nutrition Survey (NDNS)
Rolling Programme (RP) 2008–2014. Whole grain and
cereal fibre intakes were estimated using the nutrient
composition data for all foods reported within the surveys,
contained within the UK NDNS Nutrient Databank(16).
Whole grain and cereal fibre content of all foods was esti-
mated using accepted definitions and as grams-per-100 g of
the food item, ensuring all whole grain and cereal fibre
intake was captured, including from food items contribut-
ing small amounts. The current study also aimed to explore
the composition of diets containing varied amounts of
whole grain and cereal fibre, particularly those diets that
may be high in whole grain but low in cereal fibre, or high
in cereal fibre but low in whole grain.
Methods
Study population
The current study was a secondary analysis of data from the
NDNS RP 2008–2014, collected between February 2008 and
August 2014 and archived within the UK Data Service(16).
NDNS RP is a continuous, cross-sectional survey designed
to collect information on dietary intake and nutritional status
of privately dwelling people within the UK aged≥18months,
covering a nationally representative sample of approximately
1000 people (minimum of 500 adults and 500 children) per
year. Detailed methodology of the NDNS RP survey has been
described elsewhere(17). The survey is carried out under
approval from the National Research Ethics Service (NRES)
Research Ethics Committee (REC). All participants or legal
guardians of participants provided informed consent.
A total of 9374 participants were included in NDNS
RP 2008–2014. For the purpose of our analysis, we
excluded participants who were under 18 years (n 4427).
Additionally, we excluded under-reporters of energy
intake (n 1956) using the Goldberg cut-off method(18). As
body weight was needed for this method, participants
who did not have a valid body weight recorded were also
excluded (n 302). After exclusions, 2689 participants
remained in the analysis. However, among these partici-
pants, there was further missing data for particular risk
factors included in our analyses. Thus, the available sample
size varied somewhat between risk factors as follows: BMI
(n 2658), waist–hip ratio (n 2107), systolic blood pressure
(n 1673), total cholesterol and HDL-cholesterol (n 1481),
LDL-cholesterol (n 1465), TAG (n 1477), fasting glucose
(n 1416), HbA1c (n 1445), C-reactive protein (CRP; n 1481)
and homocysteine (n 1250). CVD relative risk score, deter-
mined using the Systematic Coronary Risk Evaluation
(SCORE) charts(19) developed by the European Society of
Cardiology (ESC), was also included as a risk factor in
analyses, conducted with smokers included (n 1182) and
without smokers included (n 1023).
Dietary intake assessment
Dietary intake data were collected via a 4-d estimated food
diary, completed by the participants on consecutive days
with the assistance of survey interviewers. Participant
nutrient intakes were estimated from the diaries using
food composition data from the UK NDNS Nutrient
Databank(16). The Nutrient Databank includes approxi-
mately 5900 food codes. Nutrient values were generated
based on a nutrient analysis (analytical and indirect analy-
ses) of foods. Values were regularly updated based on
manufacturers’ data and food label data. Further details
on dietary collection and analysis process have been
published elsewhere(20).
Estimation of whole grain and cereal fibre
content/intakes
Whole grain and cereal fibre content of each food item
reported by the participants were estimated using the
Nutrient Databank and the Food Standards Agency
Standard Recipes Database(21). The Recipes Database
consists of approximately 9200 foods, of which 7044 are
recipes reported in UK national nutrition surveys, including
the NDNS. It provides information on the gram amount of
each ingredient in 100 g of each recipe (i.e., proportion of
ingredients). It is compatiblewith the Nutrient Databank, as
they both use the same food identification codes.
For the current study, whole grain and cereal fibre data-
bases were built from the Recipe Database. In order to do
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this, each elementary ingredient (i.e., ingredients within the
database that are not broken down further) was assessed
by a researcher (EMB) to identify if it was a whole grain
and/or a source of cereal fibre. To be considered a whole
grain, an ingredient was required to be a grain containing
the endosperm, germ and bran components, whether in
intact, ground, flaked or otherwise processed form. This
matches the recently released definition of a whole grain
food ingredient by the International Whole Grain
Initiative (WGI)(22). The use of this classification meant that
bran ingredients (e.g., oat bran) were not considered a
whole grain. Examples of whole grain ingredients included
rolled oats, brown rice, 100 % wholemeal flour and pop-
corn with no added fat or sugar. Cereal fibre was inter-
preted as all fibre that is derived from a cereal grain
source, whether whole grain or refined. Therefore, all
cereal grain-sourced ingredients, including items such as
100 % wholemeal flour, cornflour, oat bran and white rice,
were cereal fibre-containing ingredients. Two pseudo-
cereal grains, buckwheat and quinoa, were also contained
within the database as ingredients. Both pseudo-cereal
grains were considered a whole grain ingredient and a
source of cereal fibre in the current analysis due to their
similar nutritional composition, preparation and use to
cereal grains(23), which is also consistent with the WGI
definition(22).
If the ingredient was determined as a whole grain, for
example, 100 % wholemeal flour, it would be assigned a
whole grain value equal to its dry weight per 100 g
(100 g water content/100 g). Similarly, if an ingredient
was determined as a source of cereal fibre, for example,
cornflour, it would be assigned a cereal fibre value
(g/100 g), equal to its total dietary fibre content (g/100 g)
reported within the database. If the ingredient was a
non-grain food, such as red apple, it would be assigned
a cereal fibre value of 0 g/100 g and a whole grain value
of 0 g/100 g.
An automated background calculation, a feature of the
database, then generated a gram value for whole grain and
cereal fibre per 100 g of all recipes (foods with multiple
ingredients) based on the proportion of ingredients. For
example, for a cereal bar containing 20 % raw oatmeal
and no other cereal-based ingredients, if the whole grain
content of oatmeal was 90 g/100 g, the gram whole grain
content of the cereal bar was calculated using equation (1):
20% oats 90 g whole grain in 100 g of oats
¼ 18 g whole grain in 100 g of cereal bar: (1)
This step enabled the Recipes Database to be populated
withwhole grain and cereal fibre values of all foods, includ-
ing ingredients (e.g., 100 % wholemeal flour) and complex
foods (e.g., cereal bar). Each value was examined and
compared with previously developed estimations(24), and
issues were resolved by manual correction using product
labels and manufacturer information. After manual exami-
nation and corrections, final whole grain values estimated
within the Recipe Database were applied to all food data
within the Nutrient Databank.
Final cereal fibre values were determined using the
same method as described above, with an additional step.
To account for a slight variation in nutrient composition
recorded for each mixed recipe within the Nutrient
Databank compared with disaggregated nutrient composi-
tion within the Recipe database, the cereal fibre values of
each food calculated from the Recipe database were
applied as a proportion of total dietary fibre recorded
within the Recipe database. This ratio was then applied
to the total dietary fibre as recorded within the Nutrient
Databank to determine the final cereal fibre values
(equation (2)).
Dietary fibre values of foods recorded within 6 years
of the Nutrient Databank varied slightly across years
due to various reasons, such as product reformulation.
Therefore, we applied the above approach separately
and retrospectively for all survey years, dating back to
NDNS Year 1 (2008/2009).
Recipe database cereal fibre content g100 g
 
Recipe database total fibre content g100 g
 
 Nutrient Databank total fibre content g
100 g
 




The final estimated values of whole grain and cereal
fibre content of each food and the total amount of
foods consumed by each participant were used to estimate
total whole grain and cereal fibre intake of each participant.
Intake of respondents for each day of the survey (days 1–4)
was calculated by multiplying the percentage whole grain
or cereal fibre content of each consumed food (g/100 g) by
the total amount of that food consumed that day (g).
The multiple source method (MSM)(25) was used to
establish the usual intake of whole grain and cereal fibre
based on all 4 d of data from food diaries. The method
employs a three-step formula using two separate regres-
sion models that considers the probability of consumption,
usual intake on consumption days and usual intake on all
days. Age and sex were included in the regression models
as covariates assumed predictive of consumption. Further
details of the process have been described elsewhere(26).
MSM was also applied to all dietary data included within
the analyses as descriptive data or covariates.
Outcome assessment
Height (cm) and weight (kg) of the participants were
measured using stadiometer and digital scales, respec-
tively, and BMI was calculated from these measurements.
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Waist and hip circumference (cm) were measured by a
nurse during the follow-up visit using an insertion tape,
from which the waist–hip ratio was calculated.
Blood pressure was measured using an automated
blood pressure monitor (Omron HEM 907) three times at
1-min intervals. If at least one of the three readings were
not valid, the participant’s blood pressure measurements
were excluded. LDL-cholesterol, TAG and fasting glucose
results were only included where fasted blood samples
were taken. All risk factors analysed within the current
study were collected from the participants of all 6 years
of NDNS RP, except for homocysteine, which was not
collected in the sixth year. More information on the collec-
tion and analysis of blood samples has been published
previously(27).
Current recommendations for the prevention of CVD
emphasise the need to assess the individual’s total burden
of risk rather than singular risk factors(28). CVD relative risk
was determined for the participants using the ESC SCORE
risk chart(19). The chart was derived using combined data
from twelve European cohort studies comprising over
200 000 persons representing 2·7 million person-years of
follow-up with 7934 cardiovascular deaths recorded(29).
The chart predicts the relative risk of fatal cardiovascular
events by age and sex using predictors such as smoking
status, systolic blood pressure and total cholesterol. To
explore the significance that the potential confounder
smoking status had on the overall risk score, we performed
the analysis both including and excluding current smokers.
Further details of the SCORE chart have been published
previously(29). Unlike all other outcomes analysed, which
were measured and collected by the NDNS personnel
at the time of the survey, CVD relative risk score was calcu-
lated by the authors prior to analyses.
Lifestyle factors and demographic assessment
Participants completed a face-to-face computer-assisted
person interview (CAPI) to record information on ethnicity,
employment status, educational background, household
income, smoking and alcohol intake. Participants were also
asked about current medications, including prescription
and/or use of lipid-lowering or blood pressure-lowering
medications.
As there was considerable missing data on physical
activity, it was not included as a variable in the analysis
of the total dataset. Instead, physical activity as recorded
using the Recent Physical Activity Questionnaire (RPAQ)
within the NDNS years 2–6 (year 1 used a bespokemethod)
was included in a post hoc sensitivity analysis of available
data. RPAQ is a validated self-completion questionnaire
designed to capture physical activity undertaken at home,
at work, while commuting and during leisure activities(30).
For each reported activity, metabolic equivalent of task
(MET) scores(31) were assigned. The time (h/d) that partic-
ipants reported performing moderate to vigorous activity
(MET≥ 3·0) was used to indicate physical activity levels.
Statistical analysis
Statistical analyses were conducted using Stata software,
version 14.0 (StataCorp LP). Weighting was applied to all
data to adjust for sampling and non-response error. Full
details of the weighting process have been published
previously(32). For the purpose of analyses, participants
were divided into quartiles of energy-adjusted (g/10 MJ
per d) whole grain and cereal fibre intake to be analysed
separately. Energy-adjusted intakes were used in the analy-
ses to better reflect whole grain/cereal fibre density of the
diet. For both dietary variables, lowest energy-adjusted
intakes were categorised in quartile 1 (Q1) and highest
intakes were categorised in quartile 4 (Q4).
The characteristics and dietary intakes of participants
within each quartile of whole grain and cereal fibre intake
were examined. Associations across quartiles with continu-
ous variables (e.g., age) were tested with linear regression
analysis and a test for trend, whereas associations with cat-
egorical variables (e.g., sex) were tested with a chi-square
analysis. Separate linear regression models were then used
to determine associations between whole grain and cereal
fibre and each risk factor examined. CVD risk factors
that were not normally distributed (TAG and homocysteine
levels) were log-transformed prior to analyses. Tobit
regression was used for the analysis of CRP, as the data
were left censored. Adjusted mean values of each CVD risk
factor were predicted for each quartile of whole grain and
cereal fibre intake, and a test for linear trend was then
used to examine the significance of associations. Statistical
significance for all tests was set at P< 0·05.
In the simple models, adjustments were made for
age and sex. The multivariate models were adjusted for
relevant covariates, specific to each CVD risk factor.
Dietary covariates included intake of total energy, saturated
fat, trans fat, Na and non-milk extrinsic sugars (sugars not
contained within the cellular structure of a food, except
lactose in milk and milk products(33)). Ethnicity, smoking
status and alcohol intake were also included as covariates
within the multivariate models. Beyond the multivariate
model, adjustments for BMI and blood pressure or
cholesterol-lowering medication were also made where
relevant, and whole grain associations were further
adjusted for cereal fibre intake.
High whole grain/low cereal fibre and low whole
grain/high cereal fibre diets
The diets of participants in the lowest quartile of whole
grain intake (Q1) and the highest quartile of cereal fibre
intake (Q4) (low whole grain/high cereal fibre) and that
of participants in the highest quartile of whole grain intake
(Q4) and the lowest quartile of cereal fibre intake (Q1)
(high whole grain/low cereal fibre) were examined. As
therewere fewparticipantsmeeting these criteria, statistical
analysis comparing these diets may not be meaningful.
Instead, foods making up these meal patterns were
Whole grain, cereal fibre and CVD risk factors 1395
reviewed descriptively to provide an insight into the com-
position of these diets.
Results
There were 5860 foods in the databank recorded from
NDNS RP 2008–2014. Of these, 454 foods (7·7 %) were
estimated to contain at least 0·1 g whole grain/100 g, and
2088 foods (35·6 %) were estimated to contain at least
0·1 g cereal fibre/100 g, meaning approximately 21·7 % of
cereal fibre-containing foods contained some whole grain
ingredients. The highest sources of whole grain were 100 %
whole grain foods with relatively low water content,
including popcorn (plain with no added fat, sugar or salt)
(95·9 g/100 g), corn cakes (100 % maize) (95·4 g/100 g),
raw wild rice (91·7 g/100 g) and raw oatmeal (91·1 g/100 g).
The highest sources of cereal fibre in the database were
bran wheat (33 g/100 g), All Bran™ cereal (Kellogg’s
brand only) (25·1 g/100 g) and all-bran cereal (other brands)
(23·6–24·3 g/100 g), which notably all contained no whole
grain but were instead high sources of bran.
Descriptive characteristics and dietary intakes of partici-
pants are outlined in Tables 1 and 2. Age was positively
associated with whole grain (P< 0·0001) and cereal fibre
intake (P= 0·017). ParticipantswithinQ4 of energy-adjusted
whole grain intake reported lower consumption of total
energy (P< 0·0001), total fat (P= 0·003), saturated
fat (P= 0·01), monounsaturated fat (P= 0·0001) and Na
(P= 0·05). They reported consuming more cereal fibre, total
dietary fibre, carbohydrate (P< 0·0001 for all) and protein
(P= 0·04). They were more likely to have graduated from
university (within the UK) (P< 0·0001), had a significantly
higher equivalised household income (P= 0·0001) andwere
less likely to smoke (P< 0·0001).
A review of the key characteristics of participants in
the highest quartile of energy-adjusted cereal fibre intake
(Q4) showed similar patterns, reporting lower amounts
of total energy (P < 0·0001), total fat (P = 0·04), saturated
fat (P= 0·05), trans fat (P= 0·02), monounsaturated fat
(P= 0·003) and added (non-milk extrinsic) sugar (P= 0·02).
They reported consuming more whole grain, total dietary
fibre, carbohydrate (all P< 0·0001) and polyunsaturated
fat (P= 0·01). Significantly fewer participants in Q4
were current smokers or daily alcohol consumers (both
P< 0·0001), and they were significantly more likely to have
graduated from a university (within the UK) (P= 0·0001).
Associations between whole grain and cereal fibre
intake and assessed risk factors are shown in Tables 3
and 4, respectively. Compared with participants in the
lowest quartile of whole grain intake, participants in the
highest quartile had lower waist–hip ratios (Q1 0·872;
Q4 0·856; P = 0·006). These results remained significant
Table 1 Characteristics and nutrient intakes according to quartiles of energy-adjusted whole grain intake among participants of National Diet
and Nutrition Survey Rolling Programme 2008–2014
Q1 (n 673)* Q2 (n 672) Q3 (n 673) Q4 (n 671)
P-value†x or % SE x or % SE x or % SE x or % SE
Age (years)‡ 43·1 1·0 46·4 1·0 51·3 0·9 51·9 1·0 <0·0001
Sex (% female) 42·0 – 49·0 56·3 – 50·3 – 0·001
Energy (kJ/d)§ 8632 82·4 8798 79·3 8538 68·3 8188 78·4 <0·0001
Cereal fibre (g/d)‖ 3·9 0·1 4·9 0·1 6·0 0·1 8·2 0·1 <0·0001
Total fibre (g/d)‖ 13·4 0·2 14·1 0·2 15·3 0·2 16·5 0·2 <0·0001
Carbohydrate (g/d)‖ 239·3 1·7 240·4 1·8 244·8 1·5 249·5 1·5 <0·0001
Protein (g/d)‖ 78·7 0·7 78·5 0·7 79·2 0·5 80·6 0·7 0·04
Total fat (g/d)‖ 77·3 0·5 77·8 0·6 76·3 0·5 75·1 0·6 0·003
Non-milk extrinsic sugar (g/d)‖ 61·7 1·7 65·6 1·8 63·0 1·4 62·1 1·5 0·86
Saturated fat (g/d)‖ 29·1 0·3 29·5 0·3 28·9 0·3 28·1 0·3 0·01
MUFA (g/d)‖ 28·2 0·2 28·0 0·2 27·4 0·2 26·9 0·2 0·0001
PUFA (g/d)‖ 12·8 0·1 12·9 0·1 12·9 0·1 13·0 0·1 0·45
Trans fat (g/d)‖ 1·4 0·03 1·4 0·03 1·4 0·03 1·4 0·03 0·19
Na (mg/d)‖ 2436 22·5 2417 20·0 2413 19·0 2372 22·6 0·05
Equivalised household income (GBP)§ 27 880 1207 33 645 1263 35 299 1238 34 371 1212 0·0001
UK university graduate (%) 16·0 – 27·8 – 30·0 – 36·3 – <0·0001
Not working or studying (%) 35·7 – 33·3 – 38·4 – 41·9 – 0·16
White ethnicity (%) 87·9 – 92·3 – 91·4 – 91·3 – 0·10
Current smoker (%) 37·1 – 21·0 – 12·1 – 8·8 – <0·0001
Daily alcohol consumer (%) 11·1 – 13·1 – 10·8 – 8·4 – 0·36
Blood pressure-lowering medication use (%)¶ 8·6 – 9·4 – 13·7 – 11·4 – 0·13
Lipid-lowering medication use (%)¶ 13·4 – 15·7 – 18·0 – 17·8 – 0·35
*Median whole grain intake (g/10MJ per d): Q1 3·0, Q2 20·1, Q3 38·9 g, Q4 68·8.
†Associations with continuous variables were tested with linear regression analysis and a test for trend; associations with categorical variables were tested with a chi-square
analysis.
‡Adjusted for sex.
§Adjusted for age and sex.
‖Adjusted for age, sex and total energy intake (kJ/d).
¶Based on the data available from a smaller sample of participants (n 2128).
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after adjusting for cereal fibre (P= 0·04), as well as further
adjustment for physical activity in the sensitivity analysis
(P = 0·03; data not shown). Comparable results were found
for cereal fibre intake (Q1 0·872; Q4 0·867; P= 0·03); how-
ever, this disappeared when examining smaller sample
within the sensitivity analysis (P= 0·14).
Whole grain intake was inversely associated with CRP
levels (Q1 3·50 mg/l; Q4 1·78 mg/l; P = 0·008), and these
associations remained after adjusting for BMI and use of
lipid-lowering medications (P= 0·02). Upon adjusting for
cereal fibre, the association was no longer significant
(P = 0·11). A borderline significant inverse association
was also found for CRP and cereal fibre intake, which
remained after adjusting for BMI and use of lipid-lowering
medication (P= 0·05).
Both whole grain and cereal fibre intake were associated
with significantly lower homocysteine levels, even after fur-
ther adjusting for BMI (Q1 10·14 μmol/l, Q4 8·52 μmol/l;
P< 0·0001; and Q1 9·62 μmol/l, Q4 8·49 μmol/l; P= 0·002,
respectively). Whole grain intake remained significant after
adjusting for cereal fibre intake (P= 0·01). Both associations
remained significant within the sensitivity analysis (P= 0·03
for whole grain; P= 0·003 for cereal fibre), where there was
a much smaller sample size of 990 participants.
HbA1c values were relatively consistent across quartiles
of energy-adjustedwhole grain intake; however, unexpect-
edly, after adjusting for cereal fibre intake, a small but
statistically significant inverse association was seen
(Q1 5·66 %, Q4 5·47 %; P= 0·01), which remained in the
sensitivity analysis (P= 0·008). Interestingly, there was a
slight positive but non-significant association between
cereal fibre intake and HbA1c.
When smokers were included in the analysis, higher
whole grain and cereal fibre intakes were both associated
with significantly lower CVD risk score (Q1 1·85, Q4 1·56;
P = 0·002; and Q1 1·78, Q4 1·52; P= 0·003, respectively).
After adjusting for cereal fibre, whole grain association
was no longer significant (P = 0·26). When smokers were
excluded from the analysis, whole grain intake was associ-
ated with lower relative risk score after adjusting for cereal
fibre intake with borderline significance (P= 0·05), which
was attenuated slightly in the sensitivity analysis (P= 0·07).
No other risk factors assessedwere significantly associated
with whole grain or cereal fibre intakes (P> 0·05 for all).
Composition and quality of high whole grain/low
cereal fibre and low whole grain/high cereal fibre
diets
Only two participants were categorised as consuming
a high whole grain/low cereal fibre diet based on being
in both the highest quartile of whole grain intake (Q4)
and the lowest quartile of cereal fibre intake (Q1). Both
participants reported consuming brown rice (a relatively
Table 2 Characteristics and nutrient intakes according to quartiles of energy-adjusted cereal fibre intake among participants of National Diet
and Nutrition Survey Rolling Programme 2008–2014
Q1 (n 673)* Q2 (n 672) Q3 (n 672) Q4 (n 672)
P-value†x or % SE x or % SE x or % SE x or % SE
Age (years)‡ 47·0 1·0 47·2 1·0 48·6 1·0 50·0 0·9 0·02
Sex (% female) 48·5 – 52·9 – 50·7 – 45·4 – 0·19
Energy (kJ/d)§ 9157 82·5 8705 65·9 8328 62·0 7964 80·3 <0·0001
Whole grain (g/d)‖ 7·7 0·6 20·3 0·7 31·7 0·8 55·8 1·5 <0·0001
Total fibre (g/d)‖ 13·2 0·2 14·4 0·2 15·3 0·2 16·4 0·2 <0·0001
Carbohydrate (g/d)‖ 234·6 1·8 243·3 1·5 246·4 1·6 249·8 1·5 <0·0001
Protein (g/d)‖ 79·0 0·7 78·3 0·6 79·9 0·7 79·8 0·6 0·23
Total fat (g/d)‖ 77·3 0·6 76·9 0·6 76·4 0·5 75·8 0·5 0·04
Saturated fat (g/d)‖ 29·1 0·3 29·3 0·3 28·7 0·3 28·4 0·3 0·05
MUFA (g/d)‖ 28·1 0·2 27·7 0·2 27·6 0·2 27·1 0·2 0·003
PUFA (g/d)‖ 12·7 0·1 12·7 0·1 13·1 0·1 13·1 0·1 0·01
Trans fat (g/d)‖ 1·4 0·03 1·4 0·03 1·4 0·03 1·3 0·02 0·02
Non-milk extrinsic sugar (g/d)‖ 65·8 2·2 64·1 1·5 62·7 1·5 59·8 1·3 0·02
Na (mg/d)‖ 2394 23·5 2422 19·5 2411 18·9 2412 22·6 0·67
Equivalised household income (GBP)§ 31032 1151 33405 1317 32877 1261 33886 1195 0·13
UK university graduate (%) 20·0 – 26·4 – 29·0 – 34·7 – 0·0001
Not working or studying (%) 37·1 – 37·9 – 37·4 – 36·9 – 0·95
White ethnicity (%) 90·5 – 91·9 – 91·4 – 89·1 – 0·25
Current smoker (%) 31·8 – 22·8 – 13·6 – 10·7 – <0·0001
Daily alcohol consumer (%) 18·5 – 8·4 – 9·6 – 6·9 – <0·0001
Blood pressure-lowering medication use (%)¶ 11·0 – 10·2 – 11·5 – 10·3 – 0·95
Lipid-lowering medication use (%)¶ 15·8 – 17·1 – 15·5 – 16·6 – 0·94
*Median cereal fibre intake (g/10MJ per d): Q1 4·0, Q2 5·7, Q3 7·4, Q4 9·8.
†Associations with continuous variables were tested with linear regression analysis and a test for trend; associations with categorical variables were tested with a chi-square
analysis.
‡Adjusted for sex.
§Adjusted for age and sex.
‖Adjusted for age, sex and total energy intake (kJ/d).
¶Based on the data available from a smaller sample of participants (n 2128).
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Table 3 CVD risk factors according to quartiles of energy-adjusted whole grain intake among participants of National Diet and Nutrition
Survey Rolling Programme 2008–2014
Q1 Q2 Q3 Q4
P for trendx SE x SE x SE x SE
BMI (kg/m2) (n 2658)
Simple adjusted* 25·83 0·24 26·37 0·26 26·05 0·20 25·60 0·21 0·31
Total energy intake 25·82 0·24 26·34 0·25 26·04 0·20 25·64 0·21 0·42
Cereal fibre intake 26·00 0·27 26·42 0·26 26·02 0·20 25·40 0·26 0·09
Waist–hip ratio (n 2107)
Simple adjusted* 0·872 0·004 0·867 0·004 0·868 0·003 0·856 0·003 0·004
Total energy intake 0·872 0·004 0·866 0·004 0·868 0·003 0·856 0·003 0·006
Cereal fibre intake 0·872 0·004 0·866 0·004 0·868 0·003 0·857 0·004 0·04
Systolic BP (mmHg) (n 1673)
Simple adjusted* 127·17 1·02 125·32 0·76 126·06 0·83 125·91 0·89 0·47
Multivariate adjusted† 127·12 1·02 125·22 0·79 126·16 0·84 125·97 0·91 0·56
BMI and BP-lowering medication 126·78 1·01 125·19 0·76 125·96 0·79 126·38 0·88 0·92
Cereal fibre intake 127·26 1·10 125·41 0·79 125·89 0·79 125·73 1·12 0·46
Total cholesterol (mmol/l) (n 1481)
Simple adjusted* 5·05 0·07 5·08 0·07 5·06 0·07 5·04 0·06 0·91
Multivariate adjusted‡ 5·08 0·07 5·05 0·07 5·06 0·07 5·05 0·07 0·84
BMI and lipid-lowering medication 5·11 0·07 5·04 0·06 5·05 0·06 5·07 0·06 0·71
Cereal fibre intake 5·09 0·08 5·03 0·07 5·05 0·06 5·09 0·08 0·94
HDL-cholesterol (mmol/l) (n 1481)
Simple adjusted* 1·49 0·03 1·47 0·03 1·51 0·03 1·53 0·02 0·21
Multivariate adjusted‡ 1·50 0·03 1·47 0·03 1·51 0·03 1·53 0·03 0·28
BMI and lipid-lowering medication 1·50 0·03 148 0·02 1·51 0·02 1·51 0·02 0·71
Cereal fibre intake 1·51 0·03 1·48 0·02 1·51 0·02 1·49 0·03 0·81
LDL-cholesterol (mmol/l) (n 1465)
Simple adjusted* 3·02 0·06 3·08 0·07 3·04 0·07 3·02 0·06 0·92
Multivariate adjusted‡ 3·04 0·06 3·05 0·07 3·04 0·07 3·03 0·06 0·84
BMI and lipid-lowering medication 3·07 0·05 3·03 0·06 3·03 0·06 3·05 0·06 0·77
Cereal fibre intake 3·05 0·07 3·02 0·06 3·04 0·06 3·07 0·07 0·82
C-reactive protein (mg/l) (n 1481)
Simple adjusted* 3·58 0·45 2·74 0·30 2·63 0·46 1·74 0·24 0·003
Multivariate adjusted‡ 3·50 0·44 2·72 0·31 2·67 0·44 1·78 0·27 0·008
BMI and lipid-lowering medication 3·44 0·44 2·60 0·32 2·64 0·44 1·91 0·28 0·02
Cereal fibre intake 3·31 0·45 2·55 0·31 2·66 0·43 2·09 0·36 0·11
TAG (mmol/l) (n 1477)
Simple adjusted* 1·09 0·04 1·12 0·04 1·05 0·03 1·02 0·03 0·09
Multivariate adjusted§ 1·09 0·04 1·11 0·04 1·06 0·03 1·02 0·04 0·15
BMI and lipid-lowering medication 1·09 0·03 1·09 0·03 1·06 0·03 1·05 0·03 0·41
Cereal fibre intake 1·06 0·04 1·08 0·04 1·06 0·03 1·09 0·04 0·83
Fasting glucose (mmol/l) (n 1416)
Simple adjusted* 5·22 0·08 5·25 0·06 5·23 0·07 5·18 0·06 0·61
Energy intake 5·22 0·08 5·25 0·06 5·23 0·07 5·17 0·06 0·60
BMI 5·22 0·08 5·24 0·06 5·22 0·06 5·20 0·06 0·82
Cereal fibre intake 5·21 0·10 5·23 0·06 5·23 0·06 5·22 0·07 0·98
HbA1c (%) (n 1445)
Simple adjusted* 5·59 0·05 5·59 0·04 5·54 0·03 5·54 0·03 0·23
Energy intake 5·59 0·05 5·59 0·04 5·54 0·03 5·54 0·03 0·25
BMI 5·59 0·05 5·58 0·04 5·53 0·03 5·55 0·03 0·34
Cereal fibre intake 5·66 0·05 5·60 0·05 5·53 0·03 5·47 0·04 0·01
Homocysteine (μmol/l) (n 1250)
Simple adjusted* 10·22 0·31 9·25 0·28 9·08 0·18 8·52 0·17 <0·0001
Multivariate adjusted‖ 10·17 0·31 9·25 0·28 9·12 0·18 8·52 0·17 <0·0001
BMI 10·14 0·30 9·25 0·28 9·12 0·18 8·52 0·17 <0·0001
Cereal fibre intake 9·95 0·30 9·15 0·27 9·14 0·18 8·76 0·26 0·01
Relative risk score (n 1182)
Simple adjusted* 1·83 0·07 1·63 0·08 1·54 0·06 1·56 0·06 0·004
Total energy intake 1·83 0·07 1·63 0·08 1·54 0·06 1·56 0·06 0·004
Cereal fibre intake 1·79 0·08 1·61 0·08 1·53 0·06 1·64 0·10 0·26
Relative risk score (n 1023) (smokers excluded)
Simple adjusted* 1·58 0·05 1·42 0·04 1·42 0·05 1·46 0·05 0·15
Total energy intake 1·57 0·05 1·42 0·04 1·42 0·05 1·47 0·05 0·19
Cereal fibre intake 1·62 0·06 1·44 0·04 1·40 0·05 1·43 0·07 0·05
BP, blood pressure.
*Adjusted for age and sex.
†Adjusted for age, sex, total energy, ethnicity, smoking status, Na.
‡Adjusted for age, sex, total energy, ethnicity, smoking status, alcohol, saturated fat, trans fat.
§Adjusted for age, sex, total energy, ethnicity, smoking status, alcohol, saturated fat, trans fat, non-milk extrinsic sugar.
‖Adjusted for age, sex, total energy, ethnicity, smoking status, alcohol.
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low-fibre whole grain food) daily. With the exception of
brown rice, few other cereal foods were included in the
4-d food diaries of either participant.
Two main patterns of intake could be identified within
the twenty-three participants who were in both the lowest
quartile of whole grain intake (Q1) and the highest quartile
of cereal fibre intake (Q4) (low whole grain/high cereal
fibre diet). A small number of participants (n 5) reported
consuming cereal foods that were not whole grain but were
high in cereal fibre, such as bran products and brown
breads (brown bread is not classified as a whole grain as
it contains only 80 % intact grain). However, unexpectedly,
the majority of participants within this group (n 18)
reported diets that comprised large amounts of refined
grain cereal foods. While these cereal foods were not high
sources of fibre individually, these participants ate them in
Table 4 CVD risk factors according to quartiles of energy-adjusted cereal fibre intake among participants of National Diet and Nutrition
Survey Rolling Programme 2008–2014
Q1 Q2 Q3 Q4
P for trendx SE x SE x SE x SE
BMI (kg/m2) (n 2658)
Simple adjusted* 25·95 0·24 26·09 0·24 25·92 0·21 25·89 0·22 0·74
Total energy intake 25·85 0·25 26·06 0·24 25·95 0·21 25·98 0·23 0·78
Waist–hip ratio (n 2107)
Simple adjusted* 0·872 0·004 0·867 0·004 0·862 0·004 0·861 0·003 0·02
Total energy intake 0·872 0·004 0·867 0·004 0·862 0·004 0·862 0·004 0·03
Systolic BP (mmHg) (n 1673)
Simple adjusted* 126·73 0·89 124·85 0·89 126·26 0·90 126·62 0·82 0·78
Multivariate† 126·50 0·93 124·93 0·89 126·24 0·91 126·79 0·88 0·61
BMI and BP-lowering medication 126·35 0·93 124·70 0·86 126·28 0·89 126·98 0·86 0·42
Total cholesterol (mmol/l) (n 1481)
Simple adjusted* 5·09 0·07 5·06 0·07 5·03 0·08 5·05 0·06 0·65
Multivariate adjusted‡ 5·07 0·07 5·04 0·07 5·03 0·08 5·09 0·06 0·93
BMI and lipid-lowering medication 5·12 0·06 5·05 0·06 5·01 0·07 5·08 0·06 0·63
HDL-cholesterol (mmol/l) (n 1481)
Simple adjusted* 1·52 0·03 1·50 0·03 1·47 0·02 1·51 0·03 0·70
Multivariate adjusted‡ 1·51 0·03 1·50 0·03 1·46 0·02 1·52 0·03 0·99
BMI and lipid-lowering medication 1·50 0·03 1·51 0·03 1·47 0·02 1·51 0·02 0·97
LDL-cholesterol (mmol/l) (n 1465)
Simple adjusted* 3·05 0·06 3·02 0·06 3·07 0·07 3·02 0·06 0·95
Multivariate adjusted‡ 3·05 0·06 3·00 0·06 3·07 0·07 3·04 0·06 0·82
BMI and lipid-lowering medication 3·08 0·06 3·01 0·05 3·06 0·07 3·04 0·06 0·77
C-reactive protein (mg/l) (n 1481)
Simple adjusted* 2·96 0·38 2·97 0·35 2·87 0·45 1·91 0·18 0·03
Multivariate adjusted‡ 3·02 0·38 2·87 0·36 2·91 0·43 1·88 0·22 0·05
BMI and lipid-lowering medication 3·06 0·39 2·78 0·36 2·90 0·43 1·87 0·23 0·05
TAG (mmol/l) (n 1477)
Simple adjusted* 1·11 0·03 1·11 0·04 1·02 0·04 1·04 0·04 0·08
Multivariate adjusted§ 1·10 0·03 1·09 0·04 1·04 0·03 1·05 0·04 0·27
BMI and lipid-lowering medication 1·11 0·03 1·08 0·03 1·04 0·03 1·06 0·03 0·31
Fasting glucose (mmol/l) (n 1416)
Simple adjusted* 5·19 0·06 5·16 0·04 5·32 0·09 5·21 0·07 0·42
Total energy intake 5·19 0·06 5·16 0·04 5·32 0·09 5·21 0·07 0·45
BMI 5·21 0·06 5·15 0·04 5·32 0·09 5·22 0·07 0·49
HbA1c (%) (n 1445)
Simple adjusted* 5·53 0·04 5·55 0·03 5·58 0·04 5·61 0·04 0·15
Total energy intake 5·52 0·04 5·55 0·03 5·58 0·04 5·61 0·04 0·10
BMI 5·53 0·04 5·54 0·03 5·57 0·04 5·61 0·04 0·13
Homocysteine (μmol/l) (n 1250)
Simple adjusted* 9·59 0·19 9·32 0·19 9·52 0·29 8·59 0·17 0·003
Multivariate adjusted‖ 9·63 0·29 9·30 0·19 9·60 0·29 8·50 0·17 0·001
BMI 9·62 0·29 9·27 0·19 9·61 0·29 8·49 0·17 0·002
Relative risk score (n 1182) (smokers included)
Simple adjusted* 1·75 0·06 1·68 0·09 1·60 0·06 1·53 0·05 0·004
Total energy intake 1·76 0·07 1·68 0·09 1·60 0·06 1·52 0·05 0·003
Relative risk score (n 1023)) (smokers excluded)
Simple adjusted* 1·51 0·05 1·47 0·05 1·46 0·04 1·44 0·05 0·32
Total energy intake 1·50 0·05 1·47 0·05 1·46 0·04 1·45 0·05 0·47
BP, blood pressure.
*Adjusted for age and sex.
†Adjusted for age, sex, total energy, ethnicity, smoking status, Na.
‡Adjusted for age, sex, total energy, ethnicity, smoking status, alcohol, saturated fat, trans fat.
§Adjusted for age, sex, total energy, ethnicity, smoking status, alcohol, saturated fat, trans fat, non-milk extrinsic sugar.
‖Adjusted for age, sex, total energy, ethnicity, smoking status, alcohol.
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large enough qualities to accumulate to higher intakes,
even after adjusting for total energy intake. Commonly
eaten cereal foods within this group included white bread
and bread alternatives, white pasta and noodles, pizza and
white rice.
Discussion
Among adult participants of NDNS RP 2008–2014, some
modest associations were found between diets high in
whole grain and cereal fibre, and lower waist–hip ratio,
CRP levels (borderline P = 0·05 for cereal fibre), homocys-
teine levels and CVD relative risk score. However, no
associations were found for all other CVD risk factors
examined, including BMI, lipid profile constituents, blood
pressure and metabolic markers.
In contrast to similar cross-sectional studies from the
USA(13,34–36), we did not find a significant association for
BMI within this UK population; however, both whole
grain and cereal fibre intakes were inversely associated
with waist–hip ratio. Potentially, the waist–hip ratio is
more indicative of cardiovascular risk than overall body
weight, as it is a more direct measure of central adiposity.
Commonly proposed mechanisms explaining the associa-
tion between whole grain intake and weight management
mainly refer to the fibre component and its effect on overall
energy intake. Foods high in fibre, such as whole grains,
tend to be of lower energy density, resulting in reduced
overall energy intake(37). Soluble fibre, in particular, may
also delay gastric emptying and macronutrient absorption
by binding with water to form a viscous matrix trapping
nutrients prior to digestion, postulated to increase
satiety(37). Our findings seem to support this pathway, as
both whole grain and cereal fibre intakes were strongly
inversely associated with overall energy intake, and this
was more pronounced for cereal fibre. However, the actual
differences in mean waist–hip ratios between lowest and
highest quartiles of whole grain and cereal fibre intake were
minor (0·016 and 0·01, respectively), and neither are neces-
sarily indicative of considerable risk difference, which limits
the interpretation of potential differential benefits between
whole grain and cereal fibre intakes.
Neither whole grain nor cereal fibre were associated
with any lipid profile constituent. While one cross-sectional
study also found no associations(34), other similar-sized
studies have found significant inverse associations for
whole grain intake(13,38,39) and cereal fibre intake(13). It is
likely that the lipid-lowering effects of whole grains are
dependent on the type of whole grains and the fibre they
contain. Whole grains high in β-glucan-soluble fibre such
as oats are thought to lower LDL-cholesterol through the
ability of β-glucan to inhibit bile acid reabsorption, causing
the body to increase uptake of circulating LDL-cholesterol
to replenish hepatic cholesterol(40). In a previous study of
NDNS RP 2008–2011, oats accounted for only 15 % of
total whole grain consumed(41). Given these proportions,
any associations relating directly to oat or β-glucan intake
are unlikely to be captured in the analysis of total whole
grain and cereal fibre intake. In controlled intervention
studies targeting oat intake only, more pronounced
effects on lipid profile constituents have been shown from
both oatmeal (a whole grain) and oat bran (a high cereal
fibre source), with effects related specifically to the fibre
content as β-glucan(42). Similarly, our study found no asso-
ciations between whole grain and cereal fibre to systolic
blood pressure, in agreement with other cross-sectional
studies(13,34,38). Two reviews of controlled trials found that
the effects were more pronounced in hypertensive partici-
pants rather than normotensive participants(43,44), which
may explain a lack of results from population-based
studies.
Whole grain and cereal fibre intake were also not
associated with fasting plasma glucose levels in the current
study. Again, grains higher in soluble fibre may have a
differential effect to other whole grains, as an increased
viscosity of intestinal contents created by soluble fibre
may reduce macronutrient absorption and slow gastric
emptying, in turn reducing glucose and insulin
responses(45). Additionally, associations were often more
pronounced in participants with type 2 diabetes mellitus
or insulin resistance(46,47). Here, an inverse association
between whole grain intake and HbA1c became significant
only after adjusting for cereal fibre intake. Although the
association was NS, higher cereal fibre intakes also tended
to be associated with higher HbA1c. While it is unlikely that
this trend is genuine, other constituents of whole grains
may account for the association seen only in whole grain
intake. For example, Mg intake may also be of benefit to
glucose metabolism, as the restoration of intracellular
Mg concentrations in patients with non-insulin-dependent
diabetes mellitus (NIDDM) has been shown to effectively
improve insulin-mediated glucose uptake(48).
Whole grain intake was inversely associated with CRP,
although the association disappeared after adjusting for
cereal fibre intake. In a previous cross-sectional study of
years 1–4 of NDNS RP (2008–2011), whole grain intake
was not associated with CRP levels(49). Despite the study
using a similar method, it is possible that the addition of
years 5–6 of NDNS RP within our study accounted for
the difference in findings. Within other cross-sectional
studies, whole grains(39,50) have been associated with lower
CRP levels. Similar to the results seen here, the associations
were attenuated in models adjusting for BMI. CRP is a
clinical indicator of inflammation, and as obesity is
characterised by low-grade systemic inflammation(51), fibre
may, in part, reduce CRP levels through its effect on body
weight. However, BMI was not independently associated
with whole grain intake within our study. Additionally,
fermentation of cereal fibres within the gut, particularly ara-
binoxylan and β-glucan, increases the production of butyr-
ate, an SCFA that has been shown to inhibit inflammatory
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response(52). These proposed mechanisms may explain
why adjusting for cereal fibre intake caused the association
for whole grain intake to disappear within our study. That
is, the associations are primarily due to the fibre content of
whole grain foods. However, high cereal fibre intake
when analysed separately was only borderline inversely
(P = 0·05) related to CRP levels. Phenolic acids, particularly
ferulic acid, have been shown to also exhibit anti-
inflammatory activity(53), suggesting that additional bioac-
tive compounds within whole grains may also contribute
to the association found.
Both whole grain and cereal fibre intake were strongly
associated with lower homocysteine levels within the
current study, consistent with other cross-sectional studies
in differing populations(39,50). While the association to
whole grain intake was attenuated after adjusting for
cereal fibre intake, it remained significant. This was not
unexpected, as folate and pyridoxine (vitamin B6), both
contained within whole grain foods, are key cofactors in
the metabolism of homocysteine, and supplements with
both (as well as vitamin B12) has been found to restore
elevated homocysteine levels(54). Therefore, it is probable
that these components of high whole grain intake are
contributing to the inverse association seen here. While
high homocysteine levels have been proven to be an
independent risk factor for CVD(55), it is not yet known
whether a causative relationship exists or whether it is a
marker of risk, as there is limited evidence showing low-
ered CVD risk with the administration of homocysteine-
lowering vitamins(56). With consideration of this, findings
here should be interpreted cautiously, and larger studies
are needed to further clarify the relationship between
homocysteine and CVD.
As consumers of higher whole grain and cereal fibre
were significantly less likely to smoke in our study, and
smoking status is one of the three risk factors included in
the calculation of relative risk score, the inverse associa-
tions found between whole grain and cereal fibre intakes
and relative risk score may be highly influenced by this
confounding relationship. Therefore, analysing risk scores
with current smokers excluded is potentially more accurate
for considering dietary-related associations. Interestingly,
when associations between whole grain intake and total
cholesterol and systolic blood pressure were performed
separately, no results were found, but when combined into
a risk score, a borderline inverse association was found
(P = 0·05) after adjusting for cereal fibre intake, despite
the much smaller sample size. This finding suggests the
value in further research assessing CVD risk with a combi-
nation of risk factors such as through risk scores.
An issue with attempting to examine the extent to which
the benefits associated with whole grain intake may be
explained by their high cereal fibre content is separating
the whole grain and cereal fibre intake. Unsurprisingly,
the highest consumers of whole grain also make up the
vast majority of those consuming the highest amount of
cereal fibre. We attempted to descriptively explore the diet
composition of participants who did not fit into this pattern,
as there were not enough eligible participants to perform
statistical analyses. The findings were unexpected, particu-
larly the diets of those consuming high cereal fibre, low
whole grain, which contained high amounts of poorer-
quality refined grain foods (e.g., pizza, white rice, fried
breads), rather than being rich in bran-based foods, which
were the highest sources of cereal fibre recordedwithin the
survey. This finding highlights the difficulty in determining
the individual health benefits of non-whole grain cereal
fibre outside of a controlled setting, as comparative diets
may be starkly different in overall quality. Differences in
associations seen here between whole grains and cereal
fibre intakes, such as the slight positive association
between cereal fibre intake and HbA1c, may be partly a
result of this, despite attempts to adjust for other dietary
confounders. However, it is difficult to speculate based
on these results only, given the very small number of
participants within these separated groups. It would be
valuable to compare CVD associations between high
whole grain consumers and the two different high cereal
fibre–low whole grain patterns (namely high bran consum-
ers and high refined grain consumers), if sufficient sample
sizes were available.
The strengths of the current study include the large
sample size, the use of a 4-d food diary to record intakes
and MSM adjustment to estimate usual intakes, and the
systematic process used to estimate whole grain and cereal
fibre contents within all foods consumed by the partici-
pants. Although attempts were made to adjust for relevant
confounding dietary and lifestyle factors for associations,
there was a possibility of residual confounding, as higher
whole grain and cereal fibre intake may be associated with
a healthier lifestyle and better diet quality. As there are
multiple risk factors that may be relevant in the association
between whole grain and cereal fibre intake and CVD
risk, many tests were performed within the current study,
increasing the potential for type 1 error. However,
significant associations found within our paper tended to
be consistent with findings in previous, similar cross-
sectional studies, while inconsistency tended to occur
when we did not find an association. Regardless, caution
needs to be taken with the interpretation of findings,
particularly those of borderline significance. While many
risk factors were assessed within the current study, data
were restricted to that which was measured within
NDNS RP, limiting the exploration of additional potentially
relevant CVD risk factors. Finally, as this is a cross-
sectional study, it lacks temporality, and it is impossible
to determine any causation between intakes and risk
factors assessed.
In consideration of all the findings, cereal fibre intake
often attenuated inverse associations to CVD risk factors
found when examining whole grain intakes, although the
associations were stronger in whole grain analyses (prior
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to cereal fibre adjustment) thanwhen cereal fibre intakewas
independently examined. This suggests that while
cereal fibre is likely a major component contributing to most
whole grain inverse associations, additional components
present with high whole grain intake, which may not be
present with high cereal fibre intake, are also of value.
Alternatively, as we found that diets high in cereal fibre from
non-whole grain sources tended to feature high amounts
of poorer-quality grain foods, it may be that additional
components of these diets that were not accounted for in
multivariate analyses are weakening any benefits of the
high cereal fibre consumed. Longer-term intervention stud-
ies are needed to explore this notion further, whereby
participants can be fed whole grain and non-whole grain
diets that are matched for cereal fibre intake and overall diet
quality.
Importantly, all associations found here were modest,
and there were many risk factors assessed that were not
associated with either whole grain or cereal fibre intakes.
In these cases, other dietary factors may be more rel-
evant, highlighting that, while it is valuable to explore
the potential independent associations of singular foods
or nutrients within the research setting, the translation of
findings into efforts to prevent chronic disease should
always be placed in the context of total diet quality
and composition.
Acknowledgements
Acknowledgements: The authors would like to thank
Professor Chris Seal and Dr Kay Mann for their expertise
and assistance regarding whole grain food composition
database development; Darren Cole for his help in creating
the cereal fibre and whole grain databases; and Dave
Collins for statistical support specific to the NDNS data.
The authors also thank the UK Data Service for supplying
NDNS RP data, and all participants of NDNS RP. Financial
support: This research was conducted with the support of
the Australian Government Research Training Program
Scholarship. This research received no specific grant from
any funding agency in the public, commercial or not-for-
profit sectors. Conflict of interest: None. Authorship:
E.M.B. and E.J.B. designed the research; E.M.B. and B.A.
developed food composition databases; E.M.B. analysed
data; M.J.B. provided statistical analysis support; S.R. pro-
vided C.V.D. expertise and interpretation of results;
E.M.B. wrote the paper; all authors reviewed the manu-
script; E.M.B. had primary responsibility for the final con-
tent. Ethics of human subject participation: None.
References
1. Aune D, Keum N, Giovannucci E et al. (2016) Whole grain
consumption and risk of cardiovascular disease, cancer,
and all cause and cause specific mortality: systematic review
and dose-responsemeta-analysis of prospective studies. BMJ
353, i2716.
2. Liu S, Stampfer MJ, Hu FB et al. (1999) Whole-grain con-
sumption and risk of coronary heart disease: results from
the Nurses’ Health Study. Am J Clin Nutr 70, 412–419.
3. WuH, Flint AJ, Qi Q et al. (2015) Association between dietary
whole grain intake and risk of mortality: two large prospec-
tive studies in US men and women. JAMA Intern Med 175,
373–384.
4. Public Health England (2017) The Eatwell Guide. https://
www.gov.uk/government/publications/the-eatwell-guide
(accessed August 2018).
5. Marventano S, Vetrani C, Vitale M et al. (2017) Whole grain
intake and glycaemic control in healthy subjects: a systematic
review and meta-analysis of randomized controlled trials.
Nutrients 9, 769.
6. Esmaillzadeh A, Mirmiran P & Azizi F (2005) Whole-
grain consumption and the metabolic syndrome: a favorable
association in Tehranian adults. Eur J Clin Nutr 59, 353–362.
7. Qi L, van Dam RM, Liu S et al. (2006) Whole-grain, bran, and
cereal fiber intakes and markers of systemic inflammation in
diabetic women. Diabetes Care 29, 207–211.
8. Threapleton DE, Greenwood DC, Evans CEL et al. (2013)
Dietary fibre intake and risk of cardiovascular disease:
systematic review and meta-analysis. BMJ 347, f6879.
9. Wu YH, Qian YF, Pan YW et al. (2015) Association between
dietary fiber intake and risk of coronary heart disease: ameta-
analysis. Clin Nutr 34, 603–611.
10. Kim Y & Je Y (2016) Dietary fibre intake and mortality from
cardiovascular disease and all cancers: a meta-analysis of
prospective cohort studies. Arch Cardiovasc Dis 109, 39–54.
11. Slavin J (2003) Why whole grains are protective: biological
mechanisms. Proc Nutr Soc 62, 129–134.
12. Jacobs DR, Pereira MA, Meyer KA et al. (2000) Fiber from
whole grains, but not refined grains, is inversely associated
with all-cause mortality in older women: the Iowa women’s
health study. J Am Coll Nutr 19, Suppl. 3, 326S–330S.
13. Newby PK, Maras J, Bakun P et al. (2007) Intake of whole
grains, refined grains, and cereal fiber measured with 7-d diet
records and associations with risk factors for chronic disease.
Am J Clin Nutr 86, 1745–1753.
14. HuangT,XuM, LeeA et al. (2015)Consumptionofwhole grains
and cereal fiber and total and cause-specific mortality: prospec-
tive analysis of 367,442 individuals. BMC Med 13, 59–59.
15. Barrett EM, Batterham MJ, Ray S et al. (2019) Whole grain,
bran and cereal fibre consumption and CVD: a systematic
review. Br J Nutr 121, 914–937.
16. NatCen Social Research, MRC Elsie Widdowson Laboratory,
University College London. Medical School (2015) National
Diet and Nutrition Survey Years 1-6, 2008/09-2013/14 [Data
collection]. 7th ed. UKData Service. SN: 6533, http://doi.org/
10.5255/UKDA-SN-6533-7.
17. Public Health England (2017) NDNS: Results from Years 1–4





18. Goldberg GR, Black AE, Jebb SA et al. (1991) Critical evalu-
ation of energy intake data using fundamental principles of
energy physiology: 1. Derivation of cut-off limits to identify
under-recording. Eur J Clin Nut 45, 569–581.
19. European Society of Cardiology (2013) SCORE European
Low Risk Chart. https://www.escardio.org/static_file/Escardio/
Subspecialty/EACPR/Documents/score-charts.pdf (accessed
June 2018).
20. Lennox AFE, Whitton C, Roberts C et al. (2017) NDNS: Results
from Years 1–4 (Combined) of the Rolling Programme (2008/
09–2011/12). Appendix A: Dietary Data Collection and
1402 EM Barrett et al.
Editing. https://www.food.gov.uk/sites/default/files/media/
document/ndns-appendix-a.pdf (accessed June 2018).
21. MRC Human Nutrition Research (2017) Food Standards
Agency Standard Recipes Database 1992–2012 [Data
Collection]: UK Data Service. SN: 8159, http://doi.org/10.
5255/UKDA-SN-8159-1.
22. Whole Grain Initiative (2019) Definition of Whole Grain as
Food Ingredient. https://wgi.meetinghand.com/projectData/
775/webData/Definition-of-Whole-Grain-as-Food-Ingredient-
Version-20190501.pdf (accessed 24 September 2019).
23. van der Kamp JW, Poutanen K, Seal CJ et al. (2014) The
HEALTHGRAIN definition of ‘whole grain’. Food Nutr Res
58, 22100.
24. Jones AR, Mann KD, Kuznesof SA et al. (2017) The whole
grain content of foods consumed in the UK. Food Chem
214, 453–459.
25. Harttig U, Haubrock J, Knuppel S et al. (2011) The MSM
program: web-based statistics package for estimating usual
dietary intake using the Multiple Source Method. Eur J
Clin Nutr 65, Suppl. 1, S87–S91.
26. DiFE & EFCOVAL (2011) Multiple Source Method (MS) for
Estimating Usual Dietary Intake from Short Term
Measurement Data: User Guide. https://msm.dife.de/static/
MSM_UserGuide.pdf (accessed June 2018).
27. Nicholson SCL,YoungS,Winship P et al. (2017)NDNS: Results
from Years 1–4 (Combined) of the Rolling Programme (2008/
09–2011/12). Appendix P: Methods of Blood Analysis and
Quality Control. https://www.food.gov.uk/sites/default/files/
media/document/ndns-appendix-p.pdf (accessed June 2018).
28. World Health Organisation (2007) Prevention of
Cardiovascular Disease: Guidelines for Assessment and
Management of Cardiovascular Risk. http://www.who.int/
cardiovascular_diseases/guidelines/Full%20text.pdf (accessed
June 2018).
29. Conroy RM, Pyörälä K, Fitzgerald AP et al. (2003) Estimation
of ten-year risk of fatal cardiovascular disease in Europe: the
SCORE project. Eur Heart J 24, 987–1003.
30. Golubic R, May AM, Benjaminsen Borch K et al. (2014)
Validity of electronically administered Recent Physical
Activity Questionnaire (RPAQ) in ten European countries.
PLoS One 9, e92829.
31. Ainsworth BE, Haskell WL, Whitt MC et al. (2000)
Compendiumof physical activities: an update of activity codes
and MET intensities. Med Sci Sports Exerc 32, Suppl. 9, S498–
S504.
32. Tipping S (2017) National Diet and Nutrition Survey
Headline Results from Years 1, 2 and 3 (Combined) of
the Rolling Programme, Appendix B: Weighting the
NDNS Core Sample (2008/09–2010/11). http://media.dh.
gov.uk/network/261/files/2012/07/Appendix-B-Weighting-
the-NDNS-core-sample.pdf (accessed June 2018).
33. Public Health England (2016) NDNS: Results from Years 5–6
(Combined) of the Rolling Programme (2012/13–2013/14).
https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/551352/NDNS_Y5_6_
UK_Main_Text.pdf (accessed June 2018).
34. Sahyoun NR, Jacques PF, Zhang XL et al. (2006) Whole-grain
intake is inversely associated with the metabolic syndrome
and mortality in older adults. Am J Clin Nutr 83, 124–131.
35. Albertson AM, Reicks M, Joshi N et al. (2016) Whole grain
consumption trends and associations with body weight
measures in the United States: results from the cross
sectional National Health and Nutrition Examination
Survey 2001–2012. Nutr J 15, 8–8.
36. McKeown NM, Yoshida M, Shea MK et al. (2009) Whole-
grain intake and cereal fiber are associated with lower
abdominal adiposity in older adults. J Nutr 139, 1950–1955.
37. Satija A & Hu FB (2012) Cardiovascular benefits of dietary
fiber. Curr Atheroscler Rep 14, 505–514.
38. McKeown NM, Meigs JB, Liu S et al. (2002) Whole-grain
intake is favorably associated with metabolic risk factors
for type 2 diabetes and cardiovascular disease in the
Framingham Offspring Ssudy. Am J Clin Nutr 76, 390–398.
39. Jensen MK, Koh-Banerjee P, Franz M et al. (2006) Whole
grains, bran, and germ in relation to homocysteine and
markers of glycemic control, lipids, and inflammation. Am
J Clin Nutr 83, 275–283.
40. Daou C & Zhang H (2012) Oat beta-glucan: its role in health
promotion and prevention of diseases. Compr Rev Food Sci
Food Saf 11, 355–365.
41. Mann KD, Pearce MS, McKevith B et al. (2015) Low whole
grain intake in the UK: results from the National Diet and
Nutrition survey Rolling Programme 2008–11. Br J Nutr
113, 1643–1651.
42. Maki KC, Beiseigel JM, Jonnalagadda SS et al. (2010) Whole-
grain ready-to-eat oat cereal, as part of a dietary program for
weight loss, reduces low-density lipoprotein cholesterol in
adults with overweight and obesity more than a dietary
program including low-fiber control foods. J Am Diet Assoc
110, 205–214.
43. Streppel MT, Arends LR, van’t Veer P et al. (2005) Dietary
fiber and blood pressure: a meta-analysis of randomized
placebo-controlled trials. Arch Intern Med 165, 150–156.
44. Whelton SP, Hyre AD, Pedersen B et al. (2005) Effect of
dietary fiber intake on blood pressure: a meta-analysis of ran-
domized, controlled clinical trials. J Hypertens 23, 475–481.
45. Jenkins DJ,Wolever TM, Leeds AR et al. (1978) Dietary fibres,
fibre analogues, and glucose tolerance: importance of
viscosity. Br Med J 1, 1392–1394.
46. Behall KM, Scholfield DJ &Hallfrisch J (2006) Whole-grain
diets reduce blood pressure in mildly hypercholesterolemic
men and women. J Am Diet Assoc 106, 1445–1449.
47. Harris Jackson K, West SG, Vanden Heuvel JP et al. (2014)
Effects of whole and refined grains in a weight-loss diet on
markers of metabolic syndrome in individuals with increased
waist circumference: a randomized controlled-feeding trial.
Am J Clin Nutr 100, 577–586.
48. Barbagallo M, Dominguez LJ, Galioto A et al. (2003) Role of
magnesium in insulin action, diabetes and cardio-metabolic
syndrome X. Mol Aspects Med 24, 39–52.
49. Mann KD, Pearce MS, McKevith B et al. (2015) Whole grain
intake and its association with intakes of other foods,
nutrients and markers of health in the National Diet and
Nutrition survey Rolling Programme 2008–11. Br J Nutr
113, 1595–1602.
50. Lutsey PL, Jacobs DR, Jr, Kori S et al. (2007) Whole grain
intake and its cross-sectional association with obesity, insulin
resistance, inflammation, diabetes and subclinical CVD: the
MESA study. Br J Nutr 98, 397–405.
51. Calder PC, Ahluwalia N, Brouns F et al. (2011) Dietary factors
and low-grade inflammation in relation to overweight and
obesity. Br J Nutr 106, Suppl 3, S5–S78.
52. Bach Knudsen KE, Lærke HN, Hedemann MS et al. (2018)
Impact of diet-modulated butyrate production on intestinal
barrier function and inflammation. Nutrients 10, 1499.
53. Călinoiu LF & Vodnar DC (2018) Whole grains and phenolic
acids: a review on bioactivity, functionality, health benefits
and bioavailability. Nutrients 10, 1615.
54. den Heijer M, Brouwer Ingeborg A, Bos Gerard MJ et al.
(1998) Vitamin supplementation reduces blood homocys-
teine levels. Arterioscler Thromb Vasc Biol 18, 356–361.
55. Homocysteine Studies Collaboration (2002) Homocysteine
and risk of ischemic heart disease and stroke: a meta-
analysis. JAMA 288, 2015–2022.
56. Ueland PM & Clarke R (2007) Homocysteine and cardio-
vascular risk: considering the evidence in the context of study
design, folate fortification, and statistical power. Clin Chem
53, 807–809.
Whole grain, cereal fibre and CVD risk factors 1403
